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Summary

For the AMS experiment onboard the Internationahac®pStation a thermal control system,
known as the Tracker Thermal Control System (TTC®giag developed. The TTCS basically

consists of a mechanically pumped two-phase lodgrarheat is collected at two evaporators
and rejected at two radiators. The loop containbaradioxide. Critical parts of the loop are

protected against freezing, using thermostats aradehs. However, during (accidental) total
power down of the experiment, some parts may freeze

This document describes the proof (460 MPa/4,60) drad high pressure (1,000 MPa/10,000
bar) test conducted on test samples of the TTCShkictl8 condenser tube.
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1 Scope of the document

This document describes the proof (460 MPa/4,60) drad high pressure (1,000 MPa/10,000
bar) test carried out on test samples of the TTE@8rel condenser tube.

2 References documents

Title Number Date

RD-1 | AMS02 TTCS Condenser AMSTR-NLR-TN-022 Iss 2.1 26-08-2005
Freezing Test Plan and
Procedure

RD-2 | TTCS Condenser Freezing TestAMSTR-NLR-TN-039 Iss 3.0 23-08-2005
Report

RD-3 | TTCS Condenser Design AMSTR-NLR-TN-045 Iss 1.1 Feli620

RD-4 | Condenser Manifold BrazingAMSTR-NLR-PR-004 Iss 1.0 May 2007
Procedure

RD-5| High Press Sample TesAMSTR-NLR-PR-007 Iss 1.0 May 2007
procedure

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of NLR.
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3 Test Objective and background

3.1 Objective
The objective of the test is to verify by test tomdenser tubes can withstand the MDP pressure
of the condenser section with the safety factorsyfeld and burst as documented in RD-2.

3.2 Background

321 Maximum Design Pressure

In the condenser the extreme MDP of 3009 bar caorday uncontrolled thawing of the G

the condenser tubes after freezing.

This event however, may occur only in the unlikelyent the AMS02 experiment will have a
total power down. Uncontrolled thawing in the comsker lines in the radiator can occur in
between frozen parts. The thawing will start atieraperature of -55°C and can continue upto a
maximum, calculated by thermal modelling, of -5%Bis will induce a maximum pressure of
300,9 MPa (3009 bar, see also RD-1 and RD-2).

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of NLR.
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4 Test Sample Description

The test sample consists of: 3 identical high presbended test samples (Inconel 718). The
bends are representative to the FM condenser design

The 3 test samples are made from Inconel 718 aedbended with the same radii as the
condenser design. Six representative bends arengriesall three test samples.

Connections to high
pressure equipment

Figure4-1: TTCS Condenser high pressuretest samples (Inconel 718)

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of NLR.
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5 Proof and high pressuretest execution

The pressure tests are performed by using higlspresquipment of Resato International BV,
a manufacturer in the field of high pressure tetbgng developing high pressure components
and systems. The test samples are connected tghaphéssure unit (figure 5-1) which is
capable to pressurize test units up to 10,000 Using IPA as working fluid. The samples
(figure 5-2) are pressure tested according to tioequure RD-5. Pressure control is done by
manual control of valves and the pressure is agitally logged by a pressure transducer and
pc (figure 5-3).

The pressure test has been conducted twice, theafirempt (May 30, 2007) however, was
unsuccessful due to leakage of the high pressttiegficonnection which was brazed to the
tube. Due to the temperature cycle required foutgm heat treatment, a non optimal vacuum
brazed connection was made. The brazed connediarted to leak at a test pressure around
4000 bars, so the test pressure test was abortedordblem was solved by modifying the high
pressure fittings.

The modified fitting on the tube is used for puljithe butt-end of the Inconel tube to the
counter part of the high pressure fitting. Now lingh pressure seal consists of the tube butt-end
tightly pulled on to a flat surface and the brazednection is no longer part of the pressurized
system.

The second pressure test (July-12-2007) was suatesowever some minor problems
occurred. Internal leakage of the high pressureamised the necessity of re-testing samples 2
and 3. Due to the internal leakage the 5 minutd#00 bar requirement was not met and we
were obliged to re-test the samples.

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of NLR.

AMSTR-NLR-TR-007_TTCS Condenser High Pressure Test Report_Iss01.doc - Saved: 2007.12.21 02:40, Printed: 2007.12.21 19:11



AMS Tracker Page 10 of 18

Thermal Control Doc.ld  AMSTR-NLR-TR-007
Subsystem Issue 1.0
TTCS Condenser High Pressure Test Date December 2007
1 1| X
o0 &=
. 7
o &

Figure 5-1: High pressure unit

Figure 5-2: Test samplein one half of protective enclosure.

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of NLR.

AMSTR-NLR-TR-007_TTCS Condenser High Pressure Test Report_Iss01.doc - Saved: 2007.12.21 02:40, Printed: 2007.12.21 19:11



AMS Tracker Page 11 0f 18

Thermal Control Doc.ld  AMSTR-NLR-TR-007
Subsystem Issue 1.0
TTCS Condenser High Pressure Test Date December 2007

Figure 5-3 control panel of high pressureunit during test.

6 Reault

All 3 samples passed the high pressure test. N&t,daakage or deterioration of the test
samples were found after visual inspection.
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7 T
5.4 TTCS High pressure test pro cedure sheet
Test sample indication: 7 Test engineer: = Test Date: "2;/ 3 Seeed
Step Action to be taken Result i g
L Type Condenser high pressure test sample numbers
b Connect sample number n (n=1,2 or 3) to the pressure system 4
3. Install safety measures (protective metal enclosure, test inside bunker) L~
4. Increase pressure upto 460 MPa (4,600 bar) j 5‘ oo {,&‘,
5. After a dwell time of 5 minutes (TBC) note pressure = 9;01 I
6 Increase pressure upto 1,000 MPa (10,000 bar) S
7 After a dwell time of 5 minutes note pressure Ll 8 e .’._, i _,-’ Qo7 é S
8 Release pressure with a steep DP/dt gradient —r ) i
9 Perform steps |-8 for sample 2 and 3
10. General remarks and notes & ‘{—;r'q i JPreffhig [ fn &

lesdage wt Fhingr so o6 Lpe[f

o nain Fain Lr=erre—c
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Condenser High Pressure Test Procedure Date] 7 ,/1 /| fj 3 May 2007
5.4 TTCS High pressure test pro cedure sheet
Test sample indication: 7 Test engineer: A2 & TestDate: {2 /o) / 1o ]
Step Action to be taken Result e
l. Type Condenser high pressure test sample numbers
— 2, Connecl sample number n (n=1,2 or 3) 1o the pressure system 2
X Install safety measures (protective metal enclosure, test inside bunker) il
4. Increase pressure upto 460 MPa (4,600 bar) &, / 30
| 5 After a dwell time of 5 minutes (TBC) note pressure Y Loew
b Increase pressure upto 1,000 MPa (10,000 bar) a‘.-:’ ]
T After a dwell time of 5 minutes note pressure {8 vy 5’“ !
| B Release pressure with a steep DP/dt gradient L
__ 5 Perform steps 1-8 for sample 2 and 3
10, General remarks and notes

> "—‘y‘l‘-r ce 2 minm F[M“f"*"e. 5/ Vrsz&‘#’-? r7r,¢¢¢
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Condenser High Pressure Test Procedure Drate May 2007
5.4 TTCS High pressure test procedure sheet
Test sample indication: L. RE- RU A/ | Testengineer: 4] /7~ TestDate: /1 /oy / L&)
Step Action to be taken y Result ol F
L Type Condenser high pressure test sample numbers
2. Connect sample number n (n=1,2 or 3) to the pressure system L
3. Install safety measures (protective metal enclosure, test inside bunker) L~
4 Increase pressure upto 460 MPa (4,600 bar) |y 8 P8 oy
5 After a dwell time of 5 minutes {TBC) note pressure :CI,' 1 6o Lo
f Increase pressure upto 1,000 MPa (10,000 bar) ‘rdf_? ) Loen
5 After a dwell time of 5 minutes note pressure (@ oro
8 Release pressure with a steep DP/dt gradient L
9 Perform steps 1-8 for sample 2 and 3
10. General remarks and notes BE~ Rk
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5.4 TTCS High pressure test pro cedure sheet
Test sample indication: 3 Test engineer: J_ru.r,. f; [PR7F) Test Date: (3 /73 / 2&h )
Step Action to be taken Result ks il
. Type Condenser high pressure test sample numbers o RE1 ta gy
2 Connect sample number n (n=1,2 or 3) to the pressure system = L
B Install safety measures (protective metal enclosure, test inside bunker) [ ! e
4 %€ | Increase pressure upto 460 MPa (4,600 bar) YR e f Yl o
5. After a dwell time of 5 minutes (TBC) note pressure G40y I {_J-"I,QQ 7~
6. Increase pressure upto 1,000 MPa (10,000 bar) :-: ELE ) ]r P / el -
1. After a dwell time of 5 minutes note pressure £ 62 D
8. Release pressure with a steep DP/dt gradient L~ [
o Perform steps 1-8 for sample 2 and 3
10. General remarks and notes }Z &~ Eak )

Ve (thereale z")LQPf ~ loe bar /5 rec
@ }ffr:éc;,e ‘Wr—e_rﬂ--e ."-g_,f/f:‘-x Q%CI-—* g T
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Pressure charts.
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pressure [bar]

High pressure test sample 2 re-run
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